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Description MW

• Davis)Aha Macav (AMPS 7

Arizona Public Service (Aps @ Parker, Round Valley) 19

• CAP's Havasu)Central AZ Water Conservation District (CAWCD 0

c

Southwest Transmission Cooperative (includes Mohave Electric Cooperative )
(SWTC Davis, Parker, Riviera, Round Valley, Topock) 293

UniSource Energy Services (UNSE @ Black Mesa, Davis, Hilltop, North
Havasu) 544

UniSource Energy Services (UNSE @White Hills) 100

UniSource Energy Services (UNSE @ Mercator) 44

TOTAL 1007
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1. Introduction and Purpose
In response to a request from the Arizona Corporation Commission's staff Tucson Electric
Power Co.
Mohave County for projected years 2011 and 2016.

conducted this Reliability Must Run (RMR) Study of the transmission system in

The RMR study scope is an assessment of the Study System, as seen in Figure 1, which
includes the portion of the Western Area Power Administration (\NAPA) Desert Southwest
Region (DSW) transmission network within Mohave County, Arizona. DSW owns and operates
all the facilities of the transmission network within the Study System.

2016 had the largest projected peak load of 1007MW, so the 2016 year was the only year
evaluated because the Study System was stressed the most and years 2011 and 2016 each
have the same transmission and generation units within the Study System.

Distribution systems embedded on the DSW transmission network within the Study System
include the following:

- Aha Macav (AMPS)

- Arizona Public Service (APS)

• Central Arizona Water Conservation District (CAWCD)

- Mohave Electric Cooperative (MEC, represented my SWTC)

- UniSource Energy Services (UNSE)

Ta b le  2 - S tu d y S ys te m  P ro je c te d  P e a k Lo a d s  fo r  Ye a r 2016
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The purpose of this RMR Study is to determine the following six components as specified in the
Reliability Must-Run Generation (RMR) Requirements" by the Arizona Corporation

Commission
Simultaneous Import Limit (SIL) - The maximum import level that the Study
System can reliably support when none of its fossil generators are on-line

System Maximum Load Sewing Capability (MLSC) - The maximum load level
that the Study System can reliably support when all fossil and hydro generation is
at maximum dispatch

System Generator List - List includes generator dispatch

4. Reliability Must Run (RMR) conditions - RMR conations exist only if the Study
System cannot reliably support its projected peak load without additional dispatch
of fossil generation

Effectiveness of New Facilities - A new facilities effectiveness evaluation is to
be done only if new facilities (transmission or generation) are needed to mitigate
RMR conditions in the Study System

2.

3.

5.

1.

6. Comparative Analysis of Alternatives - Comparative analysis of alternatives is
to be done only if such alternatives are needed to mitigate RMR conditions in the
Study System
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Figure 1 - Study System for Mohave County
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(1) All facilities are 230kV unless otherwise noted.
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(4) Number of generating units are shown in parentheses. Refer to Table 1 for
Generator List.
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Description
Dispatched

[MW]
Fossil Generation

GRIFFITH
Combustion Turbine #1 214
Combustion Turbine #2 214
Steam Turbine #1 214

Griffith Total 642

BLACK MOUNTAIN
Combustion Turbine #1 40
Combustion Turbine #2 40

Black Mountain Total 80

SOUTH POINT
Combustion Turbine #1 184
Combustion Turbine #2 184
Steam Turbine #1 184

South point Total 552

Total Fossil Generation 1274

Hydro Generation
DAVIS
UNIT#1 40
UNIT#2 40
UNIT#3 40
UNIT#4 40
UNIT#5 40

Davis Total 200

PARKER
unlT#1 22
UNIT#2 22
UnlT#3 22
UNIT#4 21

Parker Total 87

Total Hydro Generation 287

Total STUDY SYSTEM Generation 1561

Table 1 - Study System Generator List

i
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2. Conclusions
Power flow simulations show the Study Systemcansupport the projected year 2016 peak load
of 1007MW under either study condition

(1) Simultaneous Import Limit (SIL) or
(2) Maximum Load Serving Capability

Therefore no RMR generation is needed within the Study System area to support the projected
2016 peak load of 1007MW

It should be noted that UNSE has converted its loads served on the WAPA Parker - Davis
System to a Network Integrated Transmission Service (NITS) contract from a point-to-point
service contract, therefore contractual constraints are no longer an issue for UNSE

Simultaneous Import Limit (SIL) - At Simultaneous Import Limit (SIL)
conditions, in which no Study System fossil generation is on-line, the Study System
could support its 2016 projected peak of 1007MW

This projected peak load includes minimal generating station auxiliary loads (about
2 MW total) with all Study System fossil generators off-line and with 337 MW of
Study System normally operated hydro generators dispatched

When all Study System loads except generating station auxiliary loads and known
mining loads are increased by the same percentage and the load power factors are
held constant, then under these SIL conditions, the Study System import limit is
1150MW of load with about 860MW flowing into the Study System from the
external system

This SIL is limited by a WECC 5% post-transient voltage deviation at SVVTC's
RIVIERA 230kV station for the single contingency outage of the Davis
McCullough 230kV circuit

System Maximum Load Sewing Gapability (misc)- The Max rum Load
Serving Capability (MLSC), in which all Study System generation is dispatched at
maximum (1561MW), is limited to 1250MW. The 1250MW MLSC is limited by a
WECC 5% post-transient voltage deviation at the Black Mesa 230kV station for the
single contingency outage of the Parker-Black Mesa 230kV line

UNSE has requested that WAPA analyze looping in the Parker - n. Havasu 230kV
circuit into the Black Mesa 230kV substation. This project is assumed as mitigation
for Delta V issues at Black Mesa due to N-1 outages. Assuming the project
requested by UNSE is implemented, the MLSC would increase from 1250MW to
1500MW. in this case, the MLSC is limited by the N-1 outage of the McConnico
Griffith 230kV circuit. This outage does not meet the 5% load margin required by
WECC for voltage stability for loads greater than 1500MW, i.e the N-1 outage of
the McConnico - Griffith 230kV circuit causes instability issues at Study System
loads above 1500MW

2.

1.

This maximum Study System load includes a total of 38 MW of auxiliary loads at
Study System generating stations
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Study System Generator List
are listed in Table 1 on page 5.

- The Study System generators with dispatch

Reliability Must Run (RMR) conditions - RMR conditions do not exist for
the Study System because it can reliably support its projected peak load without
dispatching any of its fossil generators.

Effectiveness of New Facilities - No RMR conditions exist for the Study
System therefore, an effectiveness evaluation for new facilities (transmission or
generation), that mitigate RMR conditions in the Study System, is not needed.

Comparative Analysis of Alternatives - No RMR conditions exist for the
Study System. Therefore, no comparative analysis of alternatives that mitigate
RMR conditions in the Study System is needed.

3. Study Methodology and Assumptions

The following summarizes the study methodology and assumptions used to determine the
Simultaneous Import Limit (SIL) and the Maximum Load Serving Capability (MLSC) of the Study
System.

No transmission or generation changes were projected for the Study System
between the year 2011 and 2016 therefore, only the year 2016 was evaluated. This
case was selected because it had the highest projected peak load for the Study
System.

2. UNSE Mohave county loads (Hilltop, n. Havasu, Griffith and Black Mesa) assumed
power factor correction to a unity power factor. The Mercator Mining Load
assumed a unity power factor.

Loop in of the Parker - n. Havasu 230kV circuit into the Black Mesa 230kV
substation is assumed as mitigation for Delta v issues at Black Mesa due to N-1
outages.

Study System buses of 115kV and above were evaluated for Post Transient
Voltage Deviation of 5% for N-1 outages.

5. UNSE is in the process of requesting interconnection with Western for the White
Hills 345kV substation. This interconnection process includes a system impact
study that will determine the system improvements that might be needed related to
the White Hills interconnection. Because this is in process, and this
interconnection is not modeled, any criteria issues (Delta v, in particular) related to
White Hills have been ignored for purposes of this study.

6. To develop a Starting Case for the Study System, the WECC base case 2016HS1A
was modified according to the utilities within Arizona. Incorporated into the Starting
Case were the year 2016 projected peak loads within the Study System. Table 2
on page 2 summarizes the 2016 peak load projections for the Study System.

7
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3.

6.
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4.

3.

1.
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7. To develop a Simultaneous Import Limit (SIL) case, the Starting Case was modified
so that all fossil generators within the Study System were taken off-line.
Replacement generation was scheduled from generation modeled within Arizona.
Study System loads except generating station auxiliary loads and known mining
loads were increased by the same percentage with the load power factors held
constant. The increased Study System loads were sourced from increased
generation in the system external to the Study System (Mead and Palo Verde
hubs). Under these SIL conditions, the load was continually increased in the Study
System until it became constrained either by a NERC Category A (i.e. no
contingency outage) or by a NERC Category B (i.e. single contingency outage)
condition in the Study System.

8. To verify post-transient voltage stability in the SIL case, the "Voltage Support and
Reactive Power" section of the NERC/WECC Planning Standards (section
l.D.WECC-S2) was applied so that total Study System load in the SIL case was
increased 5%. Then this SlL margin case was evaluated for NERC Category A (i.e.
no contingency outage) and NERC Category B (i.e. single contingency outage)
conditions in the Study System.

9. To develop a Maximum Load Sewing Capability (MLSC) case, the Starting Case
was modified so that all generators within the Study System were on-line at
maximum dispatch. The increased Study System generation was scheduled to
displace an equal amount of generation in Arizona. Study System loads except
generating station auxiliary loads and known mining loads were increased by the
same percentage with the load power factors held constant. The increased Study
System loads were sourced from increased generation in the external system
(Mead and Palo Verde hubs). Under these MLSC conditions, the load was
continually increased in the Study System until it became constrained either by a
NERC Category A (i.e. no contingency outage) or by a NERC Category B (i.e.
single contingency outage) condition in the Study System.

10.To verify post-transient voltage stability in the MLSC case, the "Voltage Support
and Reactive Power" section of the NERC/WECC Planning Standards (section
l.D.wEcc-s2) was applied so that total Study System load in the MLSC case was
increased 5%. Then this MLSC margin case was evaluated for NERC Category A
(i.e. no contingency outage) and NERC Category B (i.e. single contingency outage)
conditions in the Study System.

4. Study Criteria

NERCANECC Planning Standards were applied. The following summarizes the technical criteria
used to determine whether the Study System performance is acceptable.
NERC Category A (i.e. no contingency outage)

- Pre-outage flow on each transmission line or transformer is within its continuous
rating, which has been specified by its owner or operator.

- Pre-outage voltage at each station is within its continuous high and low ratings,
which have been specified by its owner or operator.

8



With the SIL or MLSC case adjusted so that its Study System load level is 5%
greater than the SIL or MLSC case, the adjusted SIL or MLSC pre-outage
case has a power flow solution

NERC Category B (i.e. single contingency outage)

Post-outage flow on each transmission line or transformer is within its
emergency rating, which has been specified by its owner or operator

Post-outage voltage at each station is within its emergency high and low
ratings, which have been specified by its owner or operator

Post-outage post-transient voltage at each station is within 5% of its pre-outage
station voltage

With the SIL or MLSC case adjusted so that its Study System load level is 5%
greater than the SIL or MLSC case, the adjusted SIL or MLSC post-outage
case has a power flow solution
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2008 2011 2016
LOAD 77 MW 85 MW 99 MW

SIL 60 MW 60 MW 120 MW
MLSC 115 MW 110 MW 180 MW
RMR 2 MW 17.0 MW 0  Mw

Incremental
R MR

Generation
Costs $2.8k $76.1k n/a

Cos t to
Elimin a te

RMR n/a $26.6M (1) n/a

Re s u lt s

The  following table  represents  the  findings  discussed in the  ba lance  of this  report

(1) Cos t to conve rt 115 kV tra ns mis s ion s ys te m to 138 kV (a dva nce d from 2012)

Table 1: Load Serving Analysis for Santa Cruz County (N-1 analysis)

Introduction

The  Santa  Cruz County UNS Electric sys tem is  currently a  radia l sys tem inte rconnected
to the  Wes te rn Area  Power Adminis tra tion 115 kV transmiss ion sys tem (Exhibit 1)
From the  inte rconnection point a t WAPA's  Noga les  Tap substa tion near Tucson, the
UNS Electric 115 kV sys tem proceeds  down to Kantor subs ta tion - then Canes , Sonoita
and Valencia  substa tions in tha t order

Approxima te ly 52% of UNS Electric Santa  Cruz load is  loca ted a t Va lencia  subs ta tion
and 30% a t Sonoita  substa tion. Hence . 82% of the  tota l UNS Electric Santa  Cruz load is
loca ted on the  la s t 8.5 mile s  of the  sys tem. Due  to the  long section of l15 kV from
Nogales  Tap substa tion and the  lengthy 115 kV ties  ultimate ly connecting the  Saguaro
and Apache  genera ting s ta tions  to Noga les  Tap s ta tion, the  bulk of the  UNS Electric
Santa  Cruz load is  located a t the  weakest point on the  system

Because  of the  weak na ture  of the  115 kV transmiss ion ne twork, low voltage  becomes an
issue  a t higher loads . P resently, this  problem is  mitiga ted by dispa tching loca l gas
turbine  genera tors  loca ted a t Valencia  substa tion during peak load periods . These
turbines  not only supply some  power loca lly which he lps  reduce  loading on the  115 kV
network, but they a lso enhance  voltage  support by contributing a  modest amount of
re a ctive  powe r (VARs)

When the gas turbines are used to support the system in this manner, they are acting as
Reliability Must-Run (RMR) generation. The purpose of this study is to quantify the
necessity and effectiveness of the RMR aspect of this generation

In addition, UNS Electric is  planning to upgrade  the  115 kV radia l line  for ope ra tion a t
138 kV se rved from TEP 's  345/138 kV trans former a t its  Va il subs ta tion (Exhibit 2)
This  work is  scheduled to be  comple te  by 2012. The  2016 representa tion in this  RMR
study assumes the  138 kV upgrade  work is  comple te



Exhibit 1: UNSEE-Santa Cruz 115 kV System (2008-2012)
UNS Electric - Santa Cruz 115 kV
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Exhibit 2: UNSEE-Santa Cruz Proposed 138 kV System (2013 and beyond)
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S tu d y As s u m p t io n s

The exis ting Santa  Cruz UNS Electric sys tem was  explicitly modeled within the  2008
201 l and 2016 Arizona coordinated heavy summer cases  jointly prepared by TEP, APS
SRP, SWTC, and WAPA. The cases  were revised to include detailed representation of
TEP's  138 kV sys tem and UNS Electric's  l15 kV transmis s ion radia l line  in Santa  Cruz
County

Note  tha t in 2009 UNS Electric plans  to ins ta ll the  new Tubac s ta tion midway between
Kantor and Canes  subs tations . This  addition is  reflected in the 2011 and 2016 cases

Also, there  are  plans  in-place  to mainta in unity power factor on-peak a t UNS Electric's
13.2 kV load buses  in Santa  Cruz County. This  is  reflected in how the loads  are  modeled
in this  s tudy

UNS Electric Santa  Cruz sys tem load was  assumed to be  dis tributed in the  following

(Subs ta tion loads  with 1.00 pi)

Subs tation
Ka ntor
Tubae

Percentage of total
w/o Tubac w/ Tubac

9.0% 2.0%
7.0%
9.0%
30%
52%

Sonoita
Va lencia

9.0%
30%
52%

The Valencia gas  turbines  were rated as  follows in the case

Maximum Power Output Maximum Reactive  Output
8 MVAR
8 MVAR
8 MVAR
15 MVAR

Turbine
Va lencia  turbine  #l (1)
Valencia  turbine  #2 (1)
Valencia  turbine  #3 (1)
Valencia  turbine  #4 (2)

(1) Based on compliance reports
(2) Based on nameplate

20.0 MW

The forecasted peak demand for the three s tudy years  is

Santa Cruz UNS Electric Peak Demand
Demand

( 1) UNS Ele ctric  pre pa re d by TEP  Fore ca s ting Group 2008



The  UNS Electric Santa  Cruz County e lectric sys tem was  mode led with three  bas ic
configura tions

115 kV radia l line  se rved from WAPA's  Noga le s  Tap subs ta tion w/o Tubac
(2008)

l15 kV ra dia l line  se rve d from WAPA's  Noga le s  Ta p subs ta tion w/ Tuba c (2011)

138 kV radia l line  se rved from TEP 's  Va il subs ta tion w/ Tubac (2016)

This  RMR s tudy does  not look a t a  loop-in of the  Santa  Cruz radia l line  via  a  connection
to the  planned Ga teway subs ta tion west of Noga les , AZ. However it can be  noted tha t in
2008 and 2011 looping in the  l15 kV sys tem via  Ga teway s till re sults  in the  same  SIL
RMR and MLSC s ince  now the  wors t outage  is  loss  of the  Ga teway transfonner or the
Ga teway-Va lencia  115 kV line  which is  the  same  a s  the  pre -Ga teway N-0 condition with
the  we a k fe e d from WAP A's  115 kV sys te m. In 2016, if UNS  loops  into Va le ncia  it ca n
be  a rgued tha t a  Gateway-Valencia  outage  results  in the  pre -Gateway N-0 condition

N-1 scenarios were  considered for these  cases s ince  the  system might be  prone  to voltage
perturba tions  for dis turbances  on the  WAPA/SWTC system. It should a lso be  noted tha t
through 2012, the  wors t case  NERC/WECC Ca tegory C contingency on the  WAPA
system .- a  breaker fa ilure  on the  1062 breaker a t Nogales  Tap substa tion -. will isola te
the  UNS  Ele ctric-S a nta  Cruz sys te m Also, a ny continge ncy involving the  UNS  Ele ctric
transmiss ion radia l will re sult in a t lea s t pa rtia l loss  of load; however, load re s tora tion
plans  a re  in place . The  plans  include  dispa tching the  Va lencia  turbines  and clos ing in an
emergency 46 kV connection be tween the  southern TEP system and Kantor substa tion

Re s u lt s

S imu lta n e o u s  Imp o rt Limit (S IL)

For N-0 (no contingencies) the  SIL was  ca lcula ted to be  60 MW for both the  2008 and
2011 case . At this  load, substa tion voltage  regula tors  reach the  top of the ir range  and
substa tion dis tribution voltage  begins  to go sub-nomina l. It was  assumed tha t a
substa tion feeder voltage  of 1.0 per unit (Pu) would transla te  into 0.95 pu a t the  remote
end of feede rs  - the  minimum permiss ible  cus tomer voltage

N-1 contingencies  had no impact on the  SIL in 2008 or 2011

In 2016 the  SIL increases  to 120 MW due  to the  increased transfe r capability a t 138 kV
and the  improved voltage  regula tion a fforded by the  s tiffe r source  sewed directly from
TEP 's  EHV sys tem via  a  345/138 kV trans former. The  limit in this  ca se  is  an ove rload
on the  Noga les-Kantor section of the  line . This  segment, though presently insula ted to
138 kV s tandards , will not be  reconductored as  pa rt of the  115 kV to 138 kV convers ion
in 2012. It will re ma in 559 kca l AAAC. Da rie n, while  the  re s t of the  line  will be
com ple te ly re built a nd will be  s trung  with 954 kca l ACS S , Dra ke  - a  highe r opa city

wire . S ince  SIL is  we ll above  the  forecas t load in this  case  the re  is  no need to
reconductor this  line  section



2008 RMR Environmental
Output

Estimated
S02

Estimated
NOx

Es tim a te d  P M Estimated
CO2

Valencia  4 CT (lbs )
3 162 51 646,246

2011 RMR En viro n m e n ta l
Ou tp u t

Estimated
S02

Estimated
NO t

Es tim a te d  P M Estimated CO

Valencia  4 CT (lbs )
63 3,094 983 12,359,463

q .

N-1 contingencie s  had no impact on the  SIL in 2016.

Re q u ire d  Mu s t  Ru n  (RMR)

In 2008 the  RMR for the  N-0 condition re quire s  UNS  Ele ctric to run 2 MW of
combus tion turbine s  (CT) a t Va le ncia  to s e rve  77 MW. In 2011 the  RMR re quire s  us  to
run 17 MW a t Va le ncia  to s e rve  85 MW. In 2016 the re  is  no RMR a s  the  120 MW S IL
e xce e ds  the  99 MW fore ca s t loa d. In no ca s e  did N-1 continge ncie s  impa ct RMR.

Ma xim u m  Lo a d  S e rv in g  Ca p a b ility (MLS C)

With a ll four Va le ncia  CTs  dis pa tche d a t ma ximum, the  MLS C for a n N-0 condition wa s
de te rmine d to be  115 MW in the  2008 a nd 110 MW in the  2011 ca s e s . The  limiting
fa ctor in 2008 a nd 201 lie  the  S onoita -T2 tra ns forme r LTC re a ching the  top of its  ra nge ,
be yond which point the  s ubs ta tion dis tribution volta ge  be gins  to go s ub-nomina l. MLS C
is  s lightly lowe r in 2011 be ca us e  the  introduction of the  Tuba c s ta tion, a nd a tte nding loa d
tra ns fe rs  from Ka ntor s ubs ta tion, move s  loa d furthe r from the  WAP A Noga le s  Ta p
s ource  and s ubj ects  the  115 kV s ys tem to a  la rge r voltage  drop s outh of Kantor
s ubs ta tion. The  gene ra tion a t Va lencia  s ubs ta tion is  not able  to s upport the  voltage  tha t
fa r north s o the  MLSC mus t be  lowered to minimize  voltage  drop is s ues .

N-1 contingencie s  had no impact on MLSC in 2008 or 2011.

The  MLS C in 2016 is  180 MW limite d by the  Noga le s -Ka ntor ove rloa d due  to the
s ma lle r wire  s ize  in this  s egment a s  des cribed above . No N-1 impacts  were  noted.

RMR En viro n m e n ta l Ou tp u t  Es t im a te s  fo r 2008 & 2011

A11 pollutants  a re  es tima ted bas ed on the  2008 and 2011 RMR genera tion found in this
s tudy. The re  wa s  no RMR in 2016:

Table 2 2008 - RMR Environmental Outputs

Ta b le  3 2011 - RMR En viro n m e n ta l Ou tp u ts


